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An Exposure Device 

The present invention relates to an exposure device for fluid mixtures, in 

5 particular cigarette smoke and/or gas mixtures, on living cell cultures. 

Various exposure devices are known for the delivery of gaseous matter to 
living cell cultures. Each' of the known devices facilitates the delivery of smoke to a 
cell culture chamber and the delivery of nutrient medium to the base of cell cultures 
grown in the cell culture chamber. The known devices provide complicated and often 

10 costly apparatus designed to prevent mixing of the gaseous matter and the nutrient 
medium. For example, DE 195 26 533 describes an exposure device in which the 
gaseous matter is introduced into the top plate of the device and fed by radial smoke 
distribution means to distinct and separate cell culture chambers. The gaseous matter 
is then fed away from above the cell culture chambers to a central air outlet in the base 

15 plate of the exposure device. The gaseous matter is thus fed directly onto the top 
surface of the cell cultures. The nutrient medium is supplied to each cell culture 
chamber through inlet and outlet channels connected to reservoirs in the base plate of 
the device, each cell culture chamber being located in a separate reservoir, thus 
keeping the gaseous matter and the nutrient medium separate as well as providing 

20 independent medium supply to each of the cell culture chambers. The apparatus 
described is complicated and costly to manufacture and requires monitoring of the 
flow rate of the gaseous matter onto the cells in order to ensure the cells are not 
damaged by the gas flow rate. Additionally a number of medium inlet and outlet 
pipes are required as each medium reservoir has its own inlet and outlet channel. 

25 In International Patent Application number WO 99/36505 medium is fed 

through an inlet pipe to a number of separate cell culture chambers. Each cell culture 
chamber has its own discrete medium chamber thereunder. The apparatus is very 
complicated and costly to manufacture and does not allow continuous medium 
exchange at each of the cell culture chambers. The nutrient medium must be removed 

30 by the same means that supply the nutrient medium to the cells, thus medium must be 
removed before fresh medium and/or medium containing additives can be applied to 
the base of the cell culture. 
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It is an object of the present invention to provide an exposure device for living 
cells cultures that has a medium chamber common to all of the cell culture chambers, 
therefore allowing continuous medium exchange at each of the cell culture chambers. 

It is a further object of the present invention to provide an exposure device for 
living cell cultures that is simple and cheap to manufacture and easy to use. 

It is an even further object of the present invention to provide an exposure 
device for living cultures that is operable to provide either basal or submersion 
feeding conditions for cells in which the medium supply can be set at selected inlet 
and outlet flow rates with no further need for human or electronic intervention. 

It is a yet further object of the present invention to provide an exposure device 
for living cell cultures which, in operation, requires no balancing of the medium inlet 
flow rate and the medium outlet flow rate in order to maintain medium supply to the 
cell cultures grown therein. 

The present invention provides an exposure device for living cell cultures 
15 comprising a base portion, a top portion, fluid inlet means, fluid outlet means, medium 
inlet means, medium outlet means, a medium chamber and a plurality of cell culture 
chambers, wherein the medium chamber is common to all of the cell culture 
chambers. 

Preferably the medium chamber has medium directing means therewithin. 

20 Advantageously the medium directing means is formed from a raised area of the base 
portion of the exposure device. Suitably the medium directing means is an island 
within the medium chamber around which the nutrient medium may flow. The 
medium directing means is positioned within the medium chamber so as to direct the 
flow of medium under each of the cell culture chambers. Preferably the medium 

25 directing means is centrally located within the medium chamber, and is even more 
preferably located equidistant to each of the cell culture chambers. 

Preferably the exposure device comprises two or more cell culture chambers 
positioned such that the base of each cell culture chamber is located within the 
medium chamber. Advantageously the exposure device comprises three cell culture 

30 chambers. The exposure device may be suitably adapted to comprise any number of 
cell culture chambers and cell culture chambers of varying sizes. Cell culture 
chambers suitable for use in the exposure device of the present invention will be 
readily known to those skilled in the art. 
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Preferably the base of each of the cell culture chambers is spaced apart from 
the base of the exposure device by means of a gap to allow the medium to flow freely 
under each of the cell culture chambers within the medium chamber. Continuous 
medium exchange at each of the cell culture chambers is facilitated by the free flow of 

5 medium under each of the cell culture chambers. Continuous medium exchange is 
further enhanced by the positioning of the medium directing means. 

Suitably the gap through which medium is free to flow between the base of 
each of the cell culture chambers and the base of the exposure device is at least 1mm. 
Preferably the gap between the base of each of the cell culture chambers and the base 

10 of the exposure device is about 2mm or more. Even more preferably the gap between 
the base of each of the cell culture chambers and the base of the exposure device is 
about 4mm. 

Medium is supplied to the medium chamber of the exposure device by medium 
inlet means and is removed from the medium chamber of the exposure device by 
1 5 medium outlet means. 

Preferably the medium inlet means is located to supply medium to the base 
portion of the exposure device whereby medium flows directly into the medium 
chamber. Even more preferably the medium inlet means is located in a side wall or a 
bottom wall of the base portion of the exposure device. 
20 Suitably the medium inlet means is a pipe or a tube. 

Advantageously the medium outlet means is spaced apart from the medium 
inlet means and is separated from the medium inlet means by all of the cell culture 
chambers and/or the medium directing means. 

Preferably the medium outlet means is operable to remove medium from the 
25 top surface thereof and suitably extends from the top portion of the exposure device 
into the medium chamber. The position of the intake end of the medium outlet means 
relative to the base of the cell culture chambers may be adjusted to allow for either 
basal or submersion feeding of the cell cultures. Alternatively, the medium outlet 
means may comprise two outlet means, the first positioned to allow for basal feeding 
30 of the cell cultures, and the second outlet means being positioned to allow for 
submersion feeding of the cell cultures. 

During basal feeding the medium level is maintained such that medium is 
always in contact with the base of the cell cultures. In an alternative experimental 
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regime the medium level may be maintained such that the cell cultures are always 
covered by the medium, such a feeding regime being known in the art as submersion 
feeding. 

Suitably the medium outlet means is a pipe or a tube. Preferably the medium 

5 outlet means is a retractable tube which may be locked into the exposure device such 
that the intake end of the tube is at a height above the base of the device selected by 
the operator. The height of the intake end of the tube above the base of the exposure 
device may be equal to the distance of the cell cultures above the base of the device in 
order to facilitate basal feeding of the cultures or, alternatively, the height of the intake 

10 end of the tube above the base of the device may be greater than that of the cell 
cultures in order to facilitate submersion feeding of the cultures. 

Locking of the position of the medium outlet tube may be provided by locking 
means. The locking means may be a threaded screw arrangement having a central 
bore, the medium outlet tube passing through the central bore of the threaded screw. 

15 Alternatively frictional locking means operable to adjust the position of the medium 
outlet tube may be provided. 

Preferably the medium outlet means is operably attached to first pump means, 
the pump means being operable at a controllable first pump rate. Suitably the first 
pump rate is in the range of about 1 ml/min. and about 20 ml/min. Preferably the first 

20 pump rate is about lOml/min. 

The medium inlet means is suitably operably attached to second pump means, 
the second pump means being operable at a controllable second pump rate. Suitably 
the second pump rate is in the range of about 1 ml/min and about lOml/min. 
Preferably the second pump rate is about 7ml/min. 

25 Advantageously the first pump rate is at least equal to the second pump rate in 

order that, in operation, the selected medium level is maintained without the need for 
further intervention. Preferably the first pump rate is greater than the second pump 
rate. Preferably the first pump rate is greater than the second pump rate and the 
medium level within the medium chamber does not vary by more than about 3mm 

30 during operation. Preferably the medium level within the medium chamber does not 
vary by more than about 0.5mm during operation. 

The medium outlet means and/or the medium inlet means may run 
continuously or, alternatively, may supply/remove nutrient medium in pulses at flow 
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rates selected by the operator. When the medium inlet means is to run continuously, 
the first pump rate of the medium outiet means is greater than that of the second pump 
rate of the medium inlet means, therefore no balancing of the pumps is required to 
maintain the medium at a level set by the operator. 
5 Preferably the medium chamber together with the medium directing means and 

the medium inlet and outlet means facilitates substantially contemporaneous medium 
exchange at each of the cell culture chambers. The medium directing means and the 
cell culture chambers are located with respect to one another so that contemporaneous 
medium exchange occurs at each of the cell culture chambers. 
10 The exposure device further comprises a fluid exposure chamber common to 

said cell culture chambers and fluid dispersing means operable to provide 
substantially contemporaneous fluid exposure to each of the cell culture chambers. 

Preferably the fluid inlet means of the present invention is located in the top 
portion of the exposure device. Even more preferably the fluid inlet means is located 
15 in the centre of the top portion of the exposure device. 

The fluid inlet means may be adapted to connect with fluid generating means 
whereby fluid is delivered to the exposure device through the fluid inlet means. 

The fluid is passed through the fluid inlet means to the fluid exposure chamber 
via the fluid dispersing means. Suitably the fluid dispersing means may be a disc- 
20 shaped plate above the cell culture chambers operable to disperse the fluid before the 
fluid reaches the fluid exposure chamber. 

Advantageously the fluid flow rate supplied to the cell culture chambers is up 
to about 700% of available air space per minute. 

Preferably the fluid outlet means is located above the level of the medium 
25 within the medium chamber such that medium does not flow through the fluid outlet 
means. More preferably the fluid outlet means is positioned such that the medium 
outlet means is at a level lower in the medium chamber than the fluid outlet means. 

Advantageously the fluid outlet means may be located in a side wall of the 
base portion of the exposure device or, alternatively, is located in a side wall of the top 
30 portion of the exposure device. 

Preferably the fluid may be smoke, a gas, an aerosol, or the like, or an air 
mixture thereof. 
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Each cell culture chamber is suspended in the medium chamber and is suitably 
held in position by a cell culture chamber support. Advantageously the cell culture 
chambers have a fluid passage gap in the side wall thereof. Suitably if a submersion 
feeding regime is to be used the cell culture chambers may be suitably adapted in 

5 order to ensure medium exchange occurs at each of the cell culture chambers. 
Suitably the cell culture chambers may, for example, comprise a medium passage 
gap(s). It is much preference that the medium passage gap(s) (if present) are located 
in a side wall of the cell culture chambers. Cell culture chambers suitable for use in 
the present invention will be well known to those skilled in the art. 

10 The cell culture chamber support may advantageously be comprised of a 

sheet of material having a plurality of receiving holes therein into which the cell 
culture chambers may be lowered. The cell culture chamber support may further act 
as a partial partition between the fluid exposure chamber and the medium chamber 
thereby ensuring that the fluid flows through the cell culture chambers before exiting 

1 5 the exposure device through the fluid outlet means. 

Preferably the cell culture chamber support is formed from the same material 
as the exposure device. Preferably the material from which the exposure device and 
the cell culture chamber support are formed is an inert material. When referred to 
herein, inert material shall be taken as meaning a material that does not chemically 

20 interact with a fluid capable of use in the aforesaid device. Suitably the exposure 
device and the cell culture chamber support may be formed from a material selected 
from the group comprising PTFE, Stainless Steel, Perspex™ and Glass. Other 
suitable materials will be known to those skilled in the art. 

The present invention further provides a method of supplying nutrient medium 

25 to cell culture chambers whereby nutrient supply means, medium directing means and 
cell culture chambers are mutually arranged to provide substantially contemporaneous 
nutrient medium replenishment at each of said cell culture chambers. 

The present invention further provides an exposure device for living cell 
cultures having a medium chamber common to a plurality of cell culture chambers 

30 and medium directing means, the cell culture chambers and medium directing means 
being mutually arranged so as to provide substantially contemporaneous medium 
exchange at the cell culture chambers. 
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hi order that the invention may be easily understood and readily carried into 
effect, reference will now be made, by way of example, to the following diagrammatic 
drawings in which: 

Figure 1 shows in longitudinal cross-section an exposure device in accordance 

5 with the present invention, and 

Figure 2 shows in plan view an exposure device in accordance with one 
embodiment of the present invention, the top portion of the device, the cell culture 
chambers and the medium outlet means having been removed. 

Figure 1 of the diagrammatic drawings hereof shows an exposure device 1 in 

10 accordance with the present invention. The exposure device comprises a circular base 
portion 2 and a circular top portion 3 fitted together by means of closure screws (not 
shown). The top portion 3 and the base portion 2 when closed together form a sealed 
unit A rubber seal (not shown) situated between the top portion 3 and the base 
portion 2 ensures no fluid leakage from the exposure device 1 during the operation 

15 thereof. Medium chamber 4 consists of a hollow well for holding nutrient medium 
and is located in base portion 2 of the exposure device 1. Between the top portion 3 
and the base portion 2 is located a cell culture chamber support 5. Cell culture 
chambers 6 are placed into receiving holes 21 in the cell culture chamber support 5. 
The base 7 of each cell culture chamber 6 is comprised of a permeable membrane onto 

20 which cell cultures 8 may be seeded and grown. Each cell culture chamber 6 may 
further comprise an insert of inert material (not shown). The insert is preferably a ring 
of inert material, which ring is placed onto the permeable membrane of the cell culture 
chamber 6. Cell cultures 8 may be seeded and grown on the permeable membrane 
with the insert in place. The insert is removed from the cell culture chamber before 

25 the cell cultures chambers 6 are placed into the receiving holes 21 in the cell culture 
chamber support 5. The insert (not shown) prevents growth of cell cultures 8 around 
the perimeter of the permeable membrane of cell culture chambers 6. 

Fluid passage gaps 9 are provided in each cell culture chamber 6 to allow fluid 
to escape from the cell culture chambers 6. The base 7 of each of the cell culture 

30 chambers 6 is spaced apart from the bottom of the exposure device to allow the 
medium to flow freely under each of the cell culture chambers 6 within the medium 
chamber 4. Medium directing means 10 is located, in plan view, centrally and 
equidistant to each of the cell culture chambers 6. 
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Medium inlet means 1 1 is located in the base portion 2 and provides medium 
to the medium chamber 4 by means of a pump (not shown). Medium outlet means 12 
may be a pipe attached to a second pump (not shown) for extraction of the nutrient 
medium from the medium chamber 4. Medium outlet means 12 is removable from the 

5 top portion 3 of the exposure device 1. The intake end of medium outlet means 12 
passes through a hole 22 in cell culture chamber support 5 into the medium chamber 
4. Medium outlet means 12 may be fixed into position by a locking means (not 
shown). The locking means may be provided by a threaded screw having a central 
bore therethrough. In this instance, medium outlet means 12 may pass through the 

1 o central bore of the threaded screw. 

Fluid inlet means 13 is centrally located in top portion 3 and comprises an inlet 
bore 14 through an outer sleeve 15, the inlet bore 14 dispersing fluid through three 
further radially arranged bores 16 above fluid dispersing means 17 into fluid exposure 
chamber 18. Fluid outlet means 19 is located in base side wall 20. The fluid outlet 

15 means 19 may alternatively be attached to pump means (not shown) for rapid removal 
of the fluid. 

In operation, nutrient medium (not shown) is pumped into the medium 
chamber 4 (pump not shown), the nutrient medium being pre-heated to the required 
temperature for cell maintenance. The nutrient medium is pumped into the medium 
20 chamber 4 at a fixed pumping rate until it either contacts the base of the cell culture 
chamber 7 as is required for basal feeding of the cell cultures 8, or the medium is 
allowed to reach a level in the medium chamber 4 at which the cell cultures 8 are 
submersed in the nutrient medium as is required for submersion feeding of the cell 
cultures 8. 

25 A pump rate of the medium outlet pump is greater than the pump rate of the 

medium inlet pump rate, thus ensuring a constant level of nutrient medium in the 
medium chamber 4. When the nutrient medium contacts the bottom of the medium 
outlet pipe 12, medium is sucked away by the action of the outlet pump means. The 
respective pump rates and height of the medium outlet means should be selected to 

30 ensure the nutrient medium level deviates by no more than 0.5mm during operation of 
the pumps. Once the medium meniscus formed at the intake end of the medium outlet 
pipe 12 breaks the liquid suction from the outlet pump ceases. The medium level is 
thereby maintained such that medium always contacts the base 7 of the cell culture 
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chamber 6 during basal feeding or, alternatively always submerges the cell culture 8 to 
the same depth during submersion feeding thereof. 

In an alternative arrangement the exposure device 1 is provided with two 
medium outlet means 12. The intake end of a first medium outlet means 12 is the 

5 same distance above the base of the exposure device 1 as the cell cultures 8 and the 
intake end of a second medium outlet means 12 is a greater distance above the base of 
the exposure device 1 than the base of the cell cultures 8. Operation of the first 
medium outlet means 12 allows for basal feeding of the cell cultures 8, and operation 
of the second medium outlet means 12 allows for submersion feeding of the cell 

10 cultures 8. 

. In a further alternative arrangement (not shown) of medium outlet means 12, 
there is provided an inverted Y-shaped tube and switching means. The two intake 
ends of the medium outlet means 12 may be fixed at different distances above the base 
of the exposure device 1, thus allowing switching between basal and submersion 
15 feeding conditions. The switching means may further be provided with timing means 
to allow switching between basal and submersion feeding conditions at timed 
intervals. 

The nutrient medium is free to flow within the medium chamber 4 such that it 
flows under the base 7 of each cell culture chamber 6. The medium directing means 
20 10 ensures medium exchange occurs under each cell culture chamber 6 substantially 
contemporaneously. 

In operation, a fluid is piped through the fluid inlet means 13, and is dispersed 
by the fluid dispersing means 17 and into the fluid exposure chamber 18. The fluid is 
free to flow over the cell cultures 8. The fluid then disperses out of the cell culture 
25 chambers 6 through fluid passage gaps 9 and exits the exposure device 1 through fluid 
outlet means 19. 

In an alternative embodiment of the present invention the fluid outlet means 
may be located in the top portion of the exposure device. Fluid may disperse 
throughout the fluid exposure chamber 18 and out through the fluid outlet means 19 
30 having dispersed into the cell culture chambers 6. In this alternative embodiment the 
cell culture chambers 6 may have solid walls with no fluid passage gaps 9 therein. 

The temperature of the nutrient medium may be maintained by placing the 
exposure device 1 on heating means (not shown). The heating means may suitably be 
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a warming-plate covered with a material capable of heat transfer to prevent hot spots 
on the base portion 2 of the exposure device 1. The material capable of heat transfer 
maybe bubble wrap, for example. 

In an alternative arrangement (not shown), the temperature of the nutrient 
5 medium and the exposure device 1 may be maintained by placing the apparatus inside 
one or more incubators (not shown). In this arrangement the nutrient medium and the 
inlet pump means may be located within a first incubator, and at least one exposure 
device 1 of the present invention may be located within a second incubator. The 
outlet pump means may be located outwith the second incubator. The first and second 

10 incubators may be modified such that the apparatus within the first incubator are 
operably linked to the apparatus within the second incubator. Furthermore the second 
incubator may be modified such that the apparatus contained therein are operably 
linked to the outlet pump means of the present invention. The first and second 
incubators may be maintained at a temperature suitable for maintenance and growth of 

1 5 the cell cultures 8. 

In an alternative embodiment of the present invention, the external perimeter 
of the exposure device 1 may be of any shape, for example square or rectangular, and 
the medium directing means is centrally located within the medium chamber and is 
equidistant to each of the cell culture chambers. 

20 

Example 1 

The exposure device of the present invention may be used in accordance with 
the following method. 

At least two hours before beginning the experiment two large bottles of 
25 nutrient medium are pre-warmed to a temperature required for cell maintenance and 
the apparatus are sterilised. 

Costar Transwells™ with cultured cells attached to the lower membrane 
thereof are lowered into the receiving holes in the cell chamber support of the 
exposure device. The top portion of the exposure device is fitted together with the 
30 base portion and closed using the closure screws. The height of the medium outlet 
pipe above the base of the exposure device is set to facilitate basal and/or submersion 
feeding conditions and the medium outlet pipe is locked into position using a threaded 
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screw. The medium inlet and outlet pumps are attached and the fluid inlet pipe is 
attached to a smoking machine. 

The exposure device and the medium inlet piping is then wrapped in bubble 
wrap to ensure full insulation. The device is placed onto a waiming-plate set at the 
5 required temperature. 

The medium outlet pump rate is selected such that it is greater than the 
medium inlet pump rate and nutrient medium is pumped into the medium chamber of 
the exposure device to the level determined by the height of the intake end of the 
medium outlet pipe above the base of the exposure device. 
10 The smoking machine is turned on and the smoke generated from the machine 

is piped into the fluid exposure chamber, via the fluid inlet pipe, for a set time. 


